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This invention relates to electrical signalling pave 
and more particularly to apparatus for identifying th 
location of a first object with respect to one or more of 
a plurality of second objects. The invention may be 


‘ptilized for a variety of different purposes, a number of 


‘ which will ke menticred below. 


_mevable device 
7 vious cuplieation, successive bursis oe radio, frequency en- 
7 frequencies, which are 


In the transportation and materials handling fields in 
general, and particularly in the efficient running of a rail- 
road, it often becomes desirable to Know such informa- 
tion as where each train is at any time, or with what 
velocity the train is moving, or Where individual railroad 
cars are locuat 
determine the location of goods or materials carried on 


"railroads, trucks or zonveyers. 


A considerable saving may often be effected if a central 


_agency is apprised, at “all times, ef selected portions of 


the above information, since the operation of railroad 
or trucking business involves Iongz distances covering a 


large territory without readily available communication , 


equipment. For example, scheduling of trains may be 
considerably simplified by remot ely o serving the density 
ns traffic at crowded switching points. Information as to 

he location and ‘identity of available ra‘lrcad vehicles 
foe on sidings is immensely useful in determining the 
type and amount of freight space available at any of the 
loading centers. Information as to the location of par- 
ticular. goods, such as raw materials or cattle shipped 
across country on several trains or trucks, helps the 
recipient to make necessary arrangements for unloading, 
storing or the like. 5 
Referring now more specifically to the railroad busi- 
ness, it has heretofore been suggested that radio links be 
established between each engine or each train and a cen- 
tral asency in order that the OpERIOES, or the attendant 
personnel thereof, be able to inform the central agency 
of their location. While such systems have been quite 
useful, their effectiveness has been limited by the fact 
that each train operator must be relied upon always to 
furnish accurate information with regard to the loca- 
tion of his train, Additionally, the location of selected 
special purpose equipment, such as refrigerator cars or 
heavy-duty freight cars. may require further radio links 
situated proximate to such coupling points to be operated 
by railroad yard personnel, since the train operator usu- 
ally docs not have the means or responsibility to ascer- 
tain or keep track of the identity of the individual cars 
on his train, 

The need for an automatic signalling system for fur- 
nishing accurate information wita regard to train or truck 
location or goods identification to a central agency has 
long been, recognized, and ‘various systems have oeen 
proposed, As far as I know, none have been very: suc- 

essful, except the system disclosed in my copending ap- 
pliestion Serial Nur moer 715,899, Aled F February 18, 1958, 
for “Signalling System,” which application is assigned to 
the same assignee as the present invention. 

The specific system disclosed ia detail in iny copending 

application may be szid to ccaiprise an_interrogator-re- 
spoder system, utilizing an interrogator apparatus to ap- 
ply radio frequency energy to a transmit coil carried on a 
such-as-a railroad vehicle. In my pre- 


ergy are- transmitted.on different. 
cyclicly 2 jeneuted: As the vehicle carrying the transmit 
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éoil nioves sufficiently close to any. one of a plurality 
of passive ‘response blocks distributed along the right-of- 
way, certain of the radio frequency bursis operate reso-. 
nant circuits within the response block.to furnish power 
to operate a small responder ‘oscillator, which. transmits 
a return signal on a further radic frequency. By selec- 
tive use of differently tuned circuits in different response 
blocks, the réspander oscillator will provide a serial pulse’ 
code signal for reception by a receiver associated with 
the interrogator useful for identifying each response block... 


As well as using the interrogator on a vehicle to deters 


nine vehicle position with respect toa plurality. of fixed: 
locati ions, my previous system confemplates locating the. ’ 


interrogator at a fixed location to identify objects pass, 


ing by which are provided with suitable passive response: 
blocks and which pass within the signal field of the in- . 
terrogator. : 

My previously disclosed basic system itfess an ex- 


‘treme advantage over prior sysienis in that if uses purely 


passive auiomatic response block units without being in-._ 
accurate or unreliable, so ihat numerous remote siations ‘ 
cr locations may be pr ovided with response means, with: 
out attendant provision of electric batteries or’ wired | 
power Sources, While passive response units have here- 


tofore been provided elsewhere, all of these of which I... e 


ani aware required precise physical alignment and were - 
adversely affected by various environmental factors... ~ 

While the invention of application - Serial Number 
715,899 admirably accomplishes its purposes, end while 
it is ideally suited for a wide variety of applications, cer- 
tain applications tenefit from modification of my earlier — 
system. For example, the specific interrogator disclosed 
in detail in my earlier system transmits a series of radio 
frequency signal bursts, each of a diferent frequency, 
with a burst of radio frequency energy of a further fre- 
quency interposed between each code signal for automatic 
gain conirol purposes. If a large number of differently 
coded response blocks are to be used, so that the system 
may employ a digital code having a relatively large num- 
ber of binary digits, a large number of different interroga- 
tor frequencizs must be transmitted successively. This 
requirement may be troublesome when the system is 
applied to the identification of very rapidly moving ob- 
jects, or the identification of the location of an object 
which moves rapidly with respect to-a plurality of fixed | 
locations. 

In order to allow the use of economical circuitry and 
still preserve system reliability, the time length of each 
radio frequency signal burst must be maintained at or 
above a minimum value. In the case of ravidly moving . 
bodies, the interrogator transmit coil and response pickup 
coil may remain sufficiently close to a response block to 
interrogate the block only during a short period of time, 
so that an insufficient number of interrogator frequencies 
can be transmitted if each frequency is allotted its re- 
quired duration. The present invention is in some re- 
spects an improvement over the previous invention since 
it overcomes the descrived simitalion by interrogating a 
plurality of digits simultancously. : 

In certain cther applications signalling systems of this - 
nature may be used to transmit data relating to the posi- 
tion of a movable object with respect to successive fixed 
locations. Sametimes it is desirable to be able to deter-. 
mine the rate at which the object is moving by noting the 
rate at which it passes by a number of fixed stations. If 
a precise velocity determination ?s to be made at a given 
instant rather than a mere average velocity determiua- 
tion, it may be understood that vehicle location must be 


noted at different locations which are very close to each 
‘other. 


If response stations are located very close to ‘each 
other, and if ve! hicle speeds become great. enough, it is ; 
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abe determined simultancously. 

- It has been proposed to interrogate a plurality of binary 
digits cfa responder simultaneously with radio frequency 
energy having a s single frequency by providing each re- 


sponder with a selected plurality of response osciilators,. 


_each one of which corresponds to one digit. In this 
manner, the interrogation time is a minimum, since only’ 


oer: single burst of radio. frequency energy provides a 
‘digitally coded response signal idenufying a responder : 
* uniquely:. 


In’ such a system, the interregator receiver 
means instead. of the interrogator transmit means utilizes 


a broadly tuned coil which is responsive to the radiation 


from each orie.of the selected plurality of response oscil- 
© Tators. “When this proposed system. is compared to the 


system of ‘my above mentioned copending application, - 
ft is.seen that the burden of generating the plurality of 


“Code frequencies has been shifted from the interrogator 


““unit--to the response block, with simplification of the 


former. but’ with more. complex structure in the Jatier. 


‘Yn many. applications: of signalling apparatus, of this 
_hature, large. humbers of response blocks are needed and 
“only a: few. interrogator units. are necded. In such in- 


“stances it becomes. uneconomical to increase the com- 
* plexity of the response blocks.” 


My. abovernentioned copending application disclosed i in. 


detail an, interrogator-responder - system using signals. of 


" sometimes is absolutely necessary that ail identification digits , 


he 
On 


20. 


25 


- twelye- different, radio frequencies in order fo provide ~ 


. identification ty means of a digital code having ten digits. 


If the twelve frequencies are spaced 50 aS not to interfere. 


_ with each other and not to interfere with other radia Sig- 


“nailing devices, it will be -scen that they require a given. 


“amount of the R.F. spectrum, The present invention 
. allows a great reduction in the required bandwidth. By 
using a single interrogator R.F. ‘frequency and a single 
Tesponse R. iE frequency in the prescntinvention, I am. 
able to transmit a large amount of data using much less 


- Toss in selectivity, because it hud to transmit humerous 
different ra dio frequencies. In a modiled version of my 
earlier invention, a plurality of R.F. response frequencies 
were required, so that my interrogator receiver input cir- 
cuit had to be broadly tuned. 
lows both thé radiating means and the receiver means 
to be sharply tuned, so that stronger signals mav be trans- 
mitted and received ‘without increasing the cost of my 
‘transmiticr units, thereby increasing the signal. .o-noise 


” gatio and accuracy of my signalling system. 


It is therefore one object of my invention to provide an 


; _improved signalling system for automatically identifying, 


Iccating and numbering a Plurality of objects. 
It is another object of my invention tn provide aa im- 
proved signalling system of the type in which a plurality 


_ of digits are interrogated simultaneously. 


It is still another object of my invention to provide an 
improved signalling system for interrogating a plurality 


In my previous system my interrogator unit 
’ yadiating nieans had to-be broadly tuned, with attendant 


The present invention al- . 
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It is a still further object of my invention to Sravides aa 


improved signalling system which is reliabie in operation, — 


simple in design and economical in construction. 


Oiher objects of the invention will in a be obvious _ 


and will in part appear hereinafter. 

In accordance with one embodiment of he i invention, 
an interrogator unit, also called the. interrcyaior, 7 
mounied upon a moving vehicle whose Iccation is to 
determined at fixed intervals.- The interrogator 1 has _ a. 
transmit channel which originates an Tadiaces a radio 
frequency, carrier signal av ga plurality of audio fre- 
quency’ “modolating signals. “modulated thereon. A num: 
ber a response blocks, also referred to as responders, 
may be loceted at various intervals along a railroad track 
or fondted over which the vehicle passes. In the case 
of railroad tracks, the preferred position of each re- 
sponder is the top or inside of 2 scleeted track tie. 


The location of and the distance between individual re-. - 


sponse blocks is largely a matter of choice determined by 
what. par: icular points identification of location of. the 
vehicle is made. As will be explained below, the. num- 
ber of response blocks which may £2 utilized throughout 
‘an entire railroad network ure limited, at Jeast to some 
extent. by the number of digits of the digital code used: 
As will become clearer from. the detailed description of 
this invention, each of the audio frequency modulating 
signals provides one digit. of a digitally coded” ‘identifica 
tion number, - 

As stated ‘above, the Tespective position of the inter-. 
rogator and responders may be exchanged so that the 


interrogator unit is fixed and each of the moving. ve- | 


hicles carries a response block.’ Such an arrangement is 
preferred when goods are moved by convevor or the like 


over or past the interrogator, ar when freight cars are to ; 


be classified upon entering or leaving @ switchyard. 

. When the interrogator is located near or Girectly above 
a response block, the pick-up coil of the responder, Te- 
‘ceives the audio modulated inferrogator | carrier, and - 


‘demodulates the’ same io provide a Tesponse-actuating : 


signal therefrom: This response- actuating signal may: 
comprise a direct current power. component “attributable 


to the rectification of the radio frequency carrier and a 


59 


of digits: simultaneously utilizing a simplified response ~ 


_ block. 

It is a further object of my invention te provide an im- 
proved signalling system wherein a simplified interroga- 
tor unit interrogates a response block with a burst of 
modulated radio frequency energy of a single frequency 


_ and wherein the response block responds thereto with a 


burst of radio frequency energy of a sirgle frequency. in 
which the stg ial provided by the Pespenice block is capable 
of aniquely identifying one of a large number of response 
blocks. 

Tt is a further cbjcct of roy im vention to provide an im- 
proved signa‘ling system for interrogating a plurality of 
digits simultar:zausly wherein both the transmit‘coils and 
the pick-up coils may be sharply tuned so as to allow 
greater sensi itivity and accuracy. 

It is still a further object of my invention to provide 


60 


composite audio frequency signal component attributable 
to the individual audio frequency interrogator signals 
which “modulated the carrier, The. response- actuating 
signal is applied to a responder coding means which 
Passes or suppresies selected ones of the modulating sig- 

nals. The outpat signal of the coding means provides a 
digitally coded response- actuating signal by virtue cf the 
selecied modulating signals semzining on the ouiput sig- 
nal. Ezch different responder is coded $0 that it passes or 
suppresses different ones of the modulating signals, so 
that the digital coding of each output response-actuating 
signal identifies a particular responder. 

The digitally coded response-actuating signal is. then 
utilized to power a :esponse oscillator which provides a 
further :adio frequency cartier having modulated there- 
on those of the audio frequency modulating signals passed 
by the coding means. The coded response-actuati ng sis- 
nal is the sole power required to operate the response 
oscillator, so that no batteries or wired power sources 
are necessary. 

The coded carrier radiated by the response oscillator 
couples eleciromagnetically to and is detected by a re-- 
ceive channel, which may be part of or physically located 
with the interrogator. Jn some applications, it may he 


_ considered advantageous to rectify the carrier to provide 


a veltace for automatic ¢ain control of the transmit chan-. 
nel. The signal received and detected by the ceceive 
channel is applied to an audio frequency discriminator. 
device which has a separate output channel fer each audio 
frequency modulating signal provided in the interrogaisr 


“an Eampreved signalling system utilizing a: simplifie d re- 45 transmit channel, each discriminator output channel be- 
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ing selectively responsive to a respective 


decoded audio signal, vhbich isa mixture of selected audto 
frequency interrogator signals. is thereby unserumbled 
er separated into individual aucio frequency interrogater 
signals. and after suitable rectification, an output voliage 
appears on each channel associated with a selected aud.o 
frequency inicrrogator signal. The presence or absence 
of an oulput voltage on a channel may be indicated upon 
a code register as either & “one” or a “zero” for pro- 
viding a digitally ccded number which determines unique- 


“Jy the particular response tock being interrogated. 


The digital code set into the code register may te trans- 
mitted to a central agency by any of the many, well- 
known data link systems. Since the central agency in 
a railroad signalling system of the kind here. deseribed 
usually desires information from a large number of rai!- 
ro2d trains, and since it might be uneconemical to pro- 
vide separate data Hnk receivers for cach inierregator, it 
often will be convenicnt io add an identification register 
to the code register. An identification register may be 
provided with each interrogator, so that signals which 
jdentify the interrogator are sent to ihe central agency to 
specify which interrcgator is “reporting” to the central 
agency. This additida increases the number of digits 
which must. be transmitted by the data link system by 
the number of digits necessary to identify a parucular 
interrogator unit. The additional register, however, docs 
“not complicate the interrogator, since it is not a part of 
the interrogator, and only comes into operation in con- 
a sysiem.. a 
_ For a fuller understanding of the nature and objects of 
“the invention reference should 
detailed description taken in connection with the accom- 
panying drawings, in which: a Bes Tee 
"FIG. 1 is a schematic electrical block: diagram iNus- 
trating one embodiment ‘of the signalling sysicm of this 
invention as it might be used in connection with a rail- 
ruud data transmission system). ; ae 

FIGS. 2a, 3c, 2e and 2g each are electrical schematic 
diagrams of several embodiments of coded passive re- 
sponders which may be utilized 
of this invention; - . : : 

FIGS. 2b, 2d, 2f, 2h are binary code diagrams. of the 
several responder embodiments of FiGS. 2a, 2c, 2¢ and 
2y and are included to aid in the explanation of the 
coding techniques utilized in the responders, and- 

FIG. 3 is a graphical illustration useful in understand- 
ing the operation of the automatic gain control feature 
of this invention. , ns 

"The novel features whi-h are believed to be character- 
istic of the invention; bath as to its organization and 
method of cperation, together with further objects and 
sdvantaces therecf, will be better understood from the 
following description considered in connection with the 
accompanying drawings in which several embedinients of 
the invention are illustrated by way of example. It is 
to be expressly understood, however, that the draw- 
ings for the purpose of iNustraticn and description 
onty and are rot intended as 4 defirition of the limits of 
my invention. a 

Referring now to the drawings, and particularly to 
FIG. 1 thereof, there is shown an embodiment of a 
complete signalJing system in accordance with this in- 
vention comprising an jnterrogaicr 109 for provijing a 
modulated interrogation carrier wend for decading a re- 
ceived medulated response carrier, a response block 152 
for providing the modulated response earlier upon re- 
ceipt of the modulated interrogation carricr, and a data 
link system 104 which may be utilized to transmit infor- 
mation obtained from decoding the modulated response 
carrier to some central inforntation-gatiering center. 
As will be obvious frem the detziled description 

‘below, the data Hnk system 104 is optional and is here 


=a 
are 


be had’ to the followin3, 


with the signallir.g system. 
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included to illustrate a complete signalling system where >. 
-data may be transmitted, if so desired, ‘from an interro- .*. 


gator to a remotely located center. hye es 
The term carrier or cartier signal as used in this appli- 
cation is intended to mean any wave suitable for being 
modulated to transmit modulating signals. The term 
roadulating signal as used in this specification is any wave” 
‘suitable to modulate a carrier. It is also common prac- 
tice in the art to refer loosely to the mouulated and the 
modulating waves as radio-frequency and audio-frequen- 
cy signals to distinguish between their relative frequencies. 
Such terminclogy has been adopted ir the remainder of 
this specification, it being unders:cod, however, that 
audio-frequency is used herein in its wicest sense anc does 
not confine the‘range of the modulating signals to the 
audible range. : PP oe 
The portion of the interrogator 160 which provides 
the uncoded interrogation carrier is also referred to as 
the interrogator transmit channel, and may include a plu- 
rality of audio frequency or modulating signal oscil- 
lators, only three of which are shown and respectively 
designated by reference characters 116, 111, and 112, 
Each audio frequency signal oscillator develops a signal 
of a different frzouency as shown by the designations 
fir fo and fp. As will become evident from the descrip- 
tion below, the actual number p of audio frequency oscil- 
lators utilized depends on the number of responders to 
be interrogaicd. Each of audic frequency signal oscil- 
Istors 130, 114 and 112 may provide a sinusoidal cutput 
voltage to be referred to as an audio frequency inierro- 
gator signal or just interrcgator signal. An audio-inter- 
rogator signal attenuator may be associated with cach 
audio frequency oscillator. The plurality of attenuators 


‘ are designated respectively by reference characters 124, 


40 
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70 


75 


418 and 116. The individual interrogator signals ap- 


pearing at the outputs of atienuators 114, 115 and 116° 


may be intermixed in a conventional audio signal mixer 
317 to ‘provide a composite audio interrogator signal 
which is moduiated upon a radio frequency carrier such 
as may be generated by radio frequency oscillator 113 
by modulation means such as a conventional modulator 
i19: ; oa ; 
The output signa! from modulator 119 comprises an 
audio-modulated carrier, which may tbe applied to a 
variable gain device such as attenuator 120, controlled 
by an automatic gain control signal (also referred to as an 
A.G.C. signal) uppearing on lead 121. The purpose of 


‘providing automatic gain control and the method of 


developing the A.G.C. signal will be explained 
connection with FIG. 3. 
The outout signal from attenuator 120 may be suit- 


below in, 


ably amplified. if desired, by ar amplifying means such - 


as power amplifier 122 and utilized to excite interrogator 
transmit coil 123 with the carrier modulated by the com- 
posite audio interrogator signal. Each of the individual 
compencnts of the transmit chasinel are in themselves 
known to those skilled in the art and therefore need 
not be further elaborated on. ~ ; 
Attenuators 114, 115 and 116 provide individual in- 
lerrogalor signil amplitude control to compensate for 
frequency sensitive components in the signalling system. 
so that all interrogator signals ultimately received may | 


have approximately the same signa} streugth. The com- | 


bination of audio frequency signal oscillators 110, Lii 
nd 112, attenuators 184, 215 und 116, miyer 117, mod- 
ulator 119, radio frequency osciilato: 118, gain device. 
120, amplificr means 422 and transmit ‘coil 123 there- 


fore provides an interrogator ‘transmit means fcr gen--- 


erating end radiating a radio frequency carrier having a 
plurality of interrogator signals modulated thereon. 
Resporder pick-up coil 125 may be a tuned circuit 
resonant at the radio frequency of the carrier applied 
to interrogator transmit coil 123, and therefure ccil 125, 
-when. tuned to the frequency of the interrogator carricr, 
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will have a voltage induced in it.by the interrogator car- a 


“ier. In this manner responder pick-up coil 125 cem- 


rises a responder pick-up means or a tuned circuit 


Meats *esponsive tc the carrier from the interrogator 
‘transmit means which is operative to devciop a respoi 
sfanal. 
be applied to a demeduiator 1246 which rectifies the re- 
cEved radio frequency carrier to derive a response- rachy- 
ating signal having the composite interrogator siz 
micdulsted upon the rectified carrier valtage 
The response-actuating sigial may be mipresscd upon 
‘4 ceding means such as coding network 127, which is 
Operative in removing or aaah certain anes of the 
plurality of iaterrogator signals making up the com- 
posite interrogator signal. .As will be xplained in con- 
siderable detail in connection with FIGS. 2a te 2) 
Ccding network i27 may comprise 2 eee Q 
audio frequency tuned circuits resonant < ; 
terrogator signal frequencies, which permis ‘only sete 
Gres cf thd Interrogation signals to pass therethrough. 
In cther words, coding névwork 127 comprises a ced- 
ing means responsive to the response-actuating signal 
which i is operative to suppress predeiermined ones of the 


a 


25 


e 


audio interrogation signals and thereby provictes a coded 


resporise-actuating signal including caly those of the 
interregator signals which are characteristic of the 
sporder. 


re- 


The coded response- actuating signal may then be’ uitil- 


ivéd to power a response oscillator means, such as oscil- 
Istor 128, having a tuned circuit resonant at a frequency 
different from that of radio frequency oscillater 215, 
for providing a radio frequency response carrier havin 
the selected interrogation signals modulated thereon. The 
response. carrier is impressed upon a responder transmi? 
coi] 129 which msy comprise a suitable tuned circnit ¢! 
se for inducing the modulated Tespoase c& rrier into 
pick K-upy coll 139 when in close roximity to transmit catl 
$29. A more detailed description of responder 182 
is offered in connection with E!G. 2 wherein responder 
transmit coil 129 comprises the tank circuit of the resporse 
oscillator 128. : : 

The receive channel of the interrogatcr uait 109, pro- 
‘vided with interrogator pick-up means, such as coil 129, 
_ig responsive to the ciectromagnétic energy couple! from 

the responder traasmit coil 129 and operative to develop 
an interrogator receive signal. Such coils are well-known 
in the urt and may comprise a parallet-resonant induct: 
‘ance-capacitance circuit. The bandwidth of the psraliel- 
Fessaant circuit so comprised must be adequate to pass 
_ the side bands present in the energy coupled from coi! 
129; however this tuning can be made sharp enough to 
provide, in ee with filter 131, a desirable signat- 
fo-ndise rit To prevent any ef the elcctromiagnctic 
energy counted from transmit coil.122 to pick-up call 


f30 from entering the receive chennel, fi! filter s2may » beg 


inserted -hetwet pic UD CO} “tS Grd “Tetelver “132, 


Filter 131 may be a band-pais filter centered about the 


response éscillator carrier frequency. For examp'e, if.. 
the intervrogutor carries frequency is 120 Kilocveles Po 


The response signal frem the pick-up coil muy: 


19 


20 


30 


4 


wa 
we 


ov 


second and the response crrrier frequency is 86 Kifacys'es €y 


fer second. a band pass filter which passes a frequency 
band from 65 to 95 kilocyc’es per stcond would admir- 
-ably serve the purpose. : 
Receiver 132 may include an amplifying stage end a 
demodulator to amplify and amplitude d>modul.te the 
“modulated response carrier to derive therefrom a com- 
posite interrogator signal including the selected plurality 
_of audio interrogator signals. Receiver 132 may also be 
utilized to derive a control signal shown appearing oa 
Jead 138 which may comprise the rectified comporent of 
the response carricr, The utiilzatioa of the cortral sis- 
’ nal for A.G.C. purpases will be discussed in‘cetat! below 
in connection with the avtomatic gain coatro’ circuit. In 


this manner pick- “up coil 130 and receiver 132 provide an- 


interrogator. receive means whic is operative oe receiv 


ae 


sA00 


tors 134, 133 and 1135 
5 eopled. 2 dir 


reer sod: slated Te: 


itera alor ae 
sudio fre queny inisrrecs : 
The composite imerre: stor s 


(axe nit 


wet ey 
a a Ne 


‘iliers 3 as St veh | is re 
fey nm y as a ieee 
c ee for each: ania. Fr 

710, there must be a correspor Wing 
so 

a 


o that p fiers are required oitog : 
on snewn for each filtzr indicates the. cen 
is 


the w ell. known type comprised of a fsau-back ampifier 


having a frequency depeyecns network in its feed back 
path. Suitable fregueney d Jependeni networks may be 
fata in chapter 10 of ‘ Aeeins Tube Amptifiers,” vol. 
13 of the Radiation Laboratory Series, m ublishod by Mc- 
Graw-Hiiit Boox Coripsay, Ine 1948. Each of the 
tuned circuits is resonant st a diferent one of the inter- 
regator signals, and operative to pass only the inter- 
rogator signe] at. ihe resonant frequiney of the tuned 
circuit. Each filter may include a rectifying stage hav- 
ine a diode to Gerive a-dirett current voliage as ths 
coded output voliage. ; 

G* course, if co dizg nework 127 hes surpressed a 
ticulur audio interrogator sienal, this pcrticular anal. 
pot presented as pert of the composite audio signal ro- 
ceived by pick-up ceil 133. and convequently, the fitter 
associated with that pirtcular surpressed audio fre- 
quency does not provide em output voltage. Thus it will 
72 socn that the presence or absence cf given audio fre- 
qrlenzies in the signal received fruni any given responder 
may be itidiceted by a corres onding ace or absence 
of an output veltace from tie fitters isso: Baated wit th the 
given audio irewien: ‘ics, ae : ding 


wr rt 


” ‘Therefore. t! Ye and 135 pre- 
vide an audio AEE disc rimiaatia g “and detect! ing 
meuns responsive to the camposile aud! "9 frequency ir 
terrogator signel ind aperative to provide an output volt- 
age signal for cach audio frequeacy signal which has beea 
fransmitied to the responder, passed through the respond- 
er coding network ard re-tran:mited back to the inter. 
rogator receiver. 7 

It should sew be clear that the number of audio os- 
citle ators, such as the one designa ae by seen 


hi ace how a many respon ders) can ee ut ae ly ident "hed a. 
For example, if ionee inte rroeeator siine! oscillators < 
wilized, three di i sczacis ore modulated upen ¢ 
interrog2ztion cerrier to provide o $ different biaary 
gembinations, Therefors only 3 orc 3 

be uniquely identified. Win four fate: 
e:liators, 16 response blecks may b2 
well known, if the musi 


3 
identified is x, the number 9 of audio frequency inter 
peel sigeal erciators necessery to provide usicue 


identification is given by the xpi essica VS 2? where p 
is, of course, an intiger. if SONY icsnonse Blocks are to 
be uni ‘gusts i i Sniuinterregarioa sical os- 
d cudlo fre- 

ted botwe 222 


by side to provide 


a single composite int 
Tre cuipui vw 


ecily to the d 
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a ts pess band. : 

Etch fitter of the discrim? nater may be of a conven- 
Uonal design and m.y con aprise either a parafel-tuned 
GY ‘ser Fie s-tuned fiduétdr-cspacitor nefwerk, In certain 
instances it may be desirab'e to utilize an active filter of 


ence 


“-stoce of the regi 
- obIpAl Voitage from a partcular fitter, ¢7, aliormauvely. 
eacn 
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. Bega at ibe eat ; A SSA Ae ; ae 
cade register 140, Obviously, the number Of stages re- 


ed fer the register is.the same as the numter of 


interrozatcr sigaal audio o “Uators, each stage being as- 
erent irterfouutor audio signal. . Esch 


serated with a dil 
is 


; 
ter may be set by the ocuurrence of an 


2 may be set by ihe absence of an output voit- 
ace, if dered te ; 
it hes bear found that the rellabliity of the receive 
CKennel of interrogetar 220 caa bo improved by apply- 
iag the output voltages from deicctors 224.135 and 136 
to the inpat circuits cf a plurality of ussocisicd difference 
sroptifiers 142,143. and 144 instead of directly to register 
245. in this manner, the output vclages may, be com- 
pared with a refereace voliage from a source 145 to 
muke certain that the gutput voliages have a sufficient 
mionitide to have originated from an interrogation sig- 
nal pasted by coding network 127 instead of being Raise 
or st-ay pick-up. Unless the magnituce of th> cuiput 
voliaze from 9 given filler is above a predetermined level, 
indicating the preseace of a suMciently strong interrega- 
tien sizaal, its asscciated difference amplifier will provide 
no difsrence output voltage, and. the digits of re 
149 will not Fe sct crroneausly by nelse or siray pick-up 
signals. Reference veltage source 145 may jnelude aa 
edjustinent means, such as a potentiometer, to provide 
an adjustable reference voltage. The combination cf the 
associnte! difference amptifiers 142, 143 and 144 and the 
reforence valtace source 145 thereby provides a compir- 
ing means responsive to each of the output voltages 
from the deteciais for comparing the output voltage with 
a reference voltage and for deriving a difference signal 
to be rpplied to register 140. — - 
Attenuators 114, 115 and 116 may be utilized to in- 
dividually control the amplitudes of the audio frequency 
interrogation signals so-that the individual output yolt- 
ages from the deteciors 134, 135 and 134 may ‘¢ set 
at a predetermined Ievel with respect to the reference 
voltzge, Some of the camponents placed between inter- 
rogator signal oscillators 110, 111 and 112 and filters 134, 
425 and 136 of the discriminator are frequency sensitive 
and atenuate the interrozation signals as a function of 
their respective frequencies, Attenuators 114. 115 and 
136 are primarily utilized to compensate for such fre- 


‘ quency dependence and to provide an cutput voltage of 


predetermined magnitude regardless of frequency for com- 
parison with the reference voltage from source 145.. 
Since interrogator 1009 and responder 162 often move 
relative to each other, the coupling between intcrrogator 
transmit coil 123 and responder pick-up coil 125 increases, 
from a small value during the approach, to a maximum 
when the relative distance therebetween is a minimum, end 
thereafter decreases again as the two objects move apart 
in the opposite direction. If the energy provided by 
transmit coils 123 end 129 remains constant, the power 
Yevel of the signal induced into pick-up coil 130 is de- 
yicted by curve “a.” FIG. 3. Curve “a” is a plot of rela- 
tve power level received by pick-up coil 130 versus dis- 
tance hetween interrogator 190 and responder 102. By 


‘providing automatic gain control, the power applied to 


interrogator power amplifier 122 may be controlled so 
that the input to pick-up coil 130 remains nearly constant 
during the time interrogator 190 and responder 102 are 
in close proximity. Curve “h," FIG, 3, depicts the power 


induced into pick-up coil 139 when automatic grin con~ 


trol is provided. ~~ Bos : : 
The advantages attendant with automatic gain control 
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10° 


fiat portion, preventing any output voltages except ‘during “| 
‘the time when automutic gaia control is operative, ‘and 


hence insuzing that the regisise will not be set except dur- 
ing conditions of adequate signal strength, ; ° 
Attomatic gain conirel may be obisined from the rec- 
tified response carrier voltcge on lead 138, which is com: 
mensurate with the power input to reeciver 332. Since 
the voltage on Tead 138 is amptitude-modulated with the 


composite interrogaior signals passed by the coding net- 


work of the responder, audio filter 159 may be emzioyed 


- to eliminate this composite interrognior signal. Filter 120 


to 
an 


to 
wt 


49 


er 
ow 


Gu 


G 


should now become apparent. The receiver can be fully 


utilized without fear of saturation, which otherwise might — 
clip or distort the received modulated response carrier... 


Furthermore, the output volt:ge from avdio detectors 134, 
125 and 126 remains constant during the tithe which cor- 


-responds to thy flat portion of curve 6, FIG, 3. In this 


manner, the reference voltage from scurce 145 may be 
set just a Jitle Lelaw the level which corresponds to uiat 
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muy toke the form of a simp.e R-C filter to suppress all 


interrogator signals, but should have a time constant which | 


keeps the AGC locp gin Tess then unity beyond the 180° 
phase shift point. so that a stable foop is assured. 
The output volinge from filter 120 may be impressed 
upon a difference amplifier 151 and compared with a 
selected veference voltage froin an adjustable voltage 
source 152, If 
voltage from filer 15¢, no signal appears on Jead 121, 
and variable gain device 120 inserts minimum atienua- 
tion hetween modulator E19 and amplifier 122. When the 
rectified and filtercd response carrier voltage from filter 
159 exceeds the reference voltage. a contro! signal is 
obtuined which increases the attenuation of variable gain 
device 129, directly controlling the intensity of both the 
modulated carrier applied to interrogator transmit coil 
123 and ingirecily controlling the inten=ity of the modu- 
lated carrier applied to responder transmit coil 129, Vari- 
able gain, device 120 may comprise a voltage-controlled 
variable gain amplifier rather than an attenuator, as will 
¢ apparent to those skilled in the art. : : 
The combination of difference amplifier 151, filter 150 
and source 152 thereby provide a further comparing 
means respozsive to the rectified response carrier voltoge 
for comparing the rectifed response carrier with a refer- 
ence voltage to derive an automaiic gain control signal. 
As is eusily seen, the level of the reference voltage deter- 
mines the time of automatic gain control operation ard 
therefore, the time of interrogation. The lower the ref- 
erence voliage level, the lenger will be the interval in 
which interrogator 108 and any given responder 162 will 


. cooperate to provide signals to be recorded in code regis- 


ter 140. 

As previously mentioned, ‘he output voltages from dif- 
ference amplificrs 142, 143 and 144 set register 140 by 
ecording the selected interrogation signals passed by 
coding network 127 of the responder. It is therefore 
necessary that the register be “clear” prior to setting its 
digital stages. In other words, when interrogator 100 
and responder 192 approach one another, no record of 
a previously recorded digital number should be in the 
register. For this purpose, an electrical clearing pulse is 
applig@to each of the stages vf register 140 via buss 169, 
This clearing pulse may be obtained from the output of 
a reset means such as monostcble multivibrator 161 fired 
either by the AGC conirol signal on jead 121 or anothet 
control voltage derived from the response carrier. As 
shown, the difference signal from amplifier 151 may be 
utilized to fire monostable multivibrater 161 which clears 
code register 140 and thereby prepares ii for receiving a 
new set of digits. The clearing of the code regi:ter 140 
may take place when the automatic gain contro] becomes 
Operative. which cortesponds to the time at which inter- 


5 FegitOr 160 and responder 162 are coming into the de- 


sired proximity for identification, Muliivibrater 161 
therefore provides a cots register clearing means, respon- 
sive toa voltave derived from the rectified response car- 
rier signal and operctive to provide a clearing pulss. for 
resetting the code register, ; ‘ 

In addition to clearing register 149, the pulse from the 
monostable muitivibratsr 151 may ilso be utilized to op- 


“erate an anslog audio frequency gate circuit 133 by open- 


ing the gate for the time interval uring which the auto-. 
fon, Gate 1.2 may 


mitic guin control circuit is In-opere 


i the reference voltage exceeds the cutput . 


‘ef a pulse of pr mee nined polarity and dua 
133 will addition alts improve relisvility cf the signs Wi 
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which change their state of conduction during the teceipt 
ition, Gate 
RS 
system by oe ng the conduction path beiveen receiver 
i352 and Te i 140 only during the Hate Unterval when 
int: rogntor 160 und responds r 102 are inclass peoviadiy. 
4 open when the 


2 this manner, code register 149 is only 
gnal-to-nojse ratio is a maximum. 

“In: the interroguter descrited herent COTES difference an 
piifier 1£f is utilized to provide autom iic ¢ un contral 
und to fire multiyisrator (64. Uo is.to ce understsod. 
howe.er, that such dual func tea arrangement lias been 
prevented anty to retain simplicity and clariiy in the de- 
scripion of this invention and chat Uscparate amplifiers or 
sops trate tricger signal soured. may be emp teved.  Like- 
wise, the oulpet signal frora multivibrator 161 is suitable 
to simultaneously provide the cleari ing pulse to ree 

£6 and the £ cating pulse to gate $33. As will be obvious 
© inose sl. -ilted in ire art, there may be ‘certain fdvan- 
tages in utilizing separate muluvibrators or perhaps other 
kinds of trigger circuits to provice the desir ed control 
signals 

“The description of FIG, £ hereinabove has been ex- 
planutory of one embodiment of the signalling sysiem of 
this invention whereby a digital cede is set Imo cade 
register 140 when interrogator 100 and resporder 102 
Puss each other. When interrogator 109 of this inven- 
tioa is mounted upon a railroad venice ant responder 
102 is fixed upon the tracks of the railroad netw ark, the 
usefulness and versatility of the apparatus of this inven- 
tion can be extended by providing a data link from mov- 
ing iterrogater LG to some centrally Jocated agency so 
that the agency may be apprised at all umes of the loca- 
tion of the railroad vehicle 

Any one of many well-known data fink systems may be 
employed for this purpose. The simpiified data Hak sys- 
tent 164, illustrated in FG, 1, is mere ly one exemph ury 
way of transmitiing ihe digital code set into code register 
149 to a centrally located dita iink receiver 170. Each 
of the stages 137, 13% and 139 of code register Ls £0 is 
connecied to an associated coincidence or “ ond” circuit 
17i, 172 or 173. When a stage has a “one” set into it, 

a voliage represe entative of the “one” will appzar on the 
lead connecting it to its associated coincidence circuit. 
When a “zero” is set into the stage, ie. the stage has 
not been sct, no veltace will appear on the lead to the 
assuciated coincidence circuit. 

A free-running commutator or ring counter £73 pro- 
viding a plurality of sequential output pulse s has cach 


_ of ils output leads coupled {o an input line of 2 different 


one of coincidence circuits £71, 172 and 173. The inter- 


_ connection between commutator 175 and the plurality of 


coincidence circuits 171, 172 and 173 is made in such a 
munner that euch of the coincidence circuits, naving the 
same order as the ‘interconected stages, receive an out- 
pit pulse in that sequence. Since a coincidence circuit 
provides an output voitage only if both of its input feads 
simultaneously receive input voltages, and since the out- 
put leads of all coincidence ‘circuits are connected to an 
“ar” circuit 178, the ou.put of * circuit 176 a 
bea sequence of pulses for each of Gok: stages 137, 
and 139 into which a “one” 
register 149 are set, the output of “or” circuit 176 takes 
the form of a number ‘of equally spaced successive pulses. 
Bors teh of the stages which are set with “zero,” no piilse 

appears, 

The output pulses from “or* * circuit £76 may be ublized 


to modulete a data link carrier from radio frequency - 
Nletor 177 with the aid of a modalcter 178, Pulse. 


‘ution of a radio frequency carrier is wetl-knows 
to tosys Sled in the art and therefore need not be 
elebavated upen. The putsed or ‘codad deta link carrier 


from modulator 178 mzy be impressed upen the dais Hak 
aimtenga 179 meaush We. transmission actuator 180 for 


is set. 1 all stages in code 
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RDP81- ees 
" fadiution of the voded intelli iged e 
missicn actuator 189 muy comprise a gatin 
which is normally open. ie., noa-conduciive 
becomes conductive when a, cucirel vollage is 
thereio. The control voltcge wpplied to uctuaior a8 
le;d TEL may be supplied by the syne i 
PH2-k: tyed by cor ADU OF 125. 
nization unit 182 is to provi 
start of a seqvencs, Le, to stiri th gasmissic 
frequency carrer When compet lor app 
tothe “and” Sroult assockited wi _ the first stage 
register 140, There nie, of co 


= 
(o) 
oO: 

6. 
ie) 


.rigay Other wry 
kHows to those skifgdin the-art ef providing snted 
to murk the beginning of the coimmuiation scy 
h may be substitered - for. the exemp rary sysera ¢ 
noribed. : : : Pa 

It is sometimes dtl. to réstrict trarismissiS of 


_ data Link information toa short tine interval comimenacing 


when code register 143 has been set. This mey be uc- 
els shed by a further contro? signal apalied via lead 

$$ to transmission actuator 134. Lhe, further CORO, 
signal may be taken “rectly, fron mionust:ble maultisi 
britor 164 which, as expldned above, may rrovie a 
pulse of any desired duration when fred. A oclay net- 
work, not s shown, may be incorporated into actiiter 139 
in connection with input dead £84 to start transatssion 
uta time when all digs have been set into code register 
ido. : 

If it is desired to receive coded informution vee more 
than one interrogator sth the s.me data link anteana 
195 and data link receiver 170, an identification register 
169 may be added to code register 149 to orovide a 
binary gaa che araetristic of a particular interregaior, 
‘The numb { digits in idemific:tion register 150 de- 
pends on ne ‘number of interrogaiors 1a. be employed. 
For exsmple, if 50 interrogators are to be in service, the 
minimum number of binary digi is necessary for identificn- 
tion system 399 would be six, as is well known, Evvh 
digit of identification register Ivo i ic connected to uM asso- 
cinted coincidence o¢ “and” cirevit :9b in the same way 
as described in connection with the binary digiis of code 
register 140. Only one “and” circuit 392 has been ee 
to retain simplicity of the tinck diagram of FiG. 1, but 
it will be obvious te those srifled in the art, cs each 
binary digit requires its own associated “and” circuit. 
Similarly, cach “and” circuit has ils input lead coupled 
to commutator 175 for becoming part of the sequ cata! 
ecding in the same manner as “aad” circuits 271, 172 asd 
#73, Whether the control signal on IeaJd 1342 starts the 
sequence with the stages of code regi 
tion register 50 is purely w miatier of choice. 

As descrited above, responder 102 of FIG. 1 receives 
a radio frequency carrier having a composite interrogator 
signal modulated thereon. This composite signal is a 
mixture of all the interrogation signals derived from the 
plurality of audio freqi: ency oscillator 110, 111 and 112. 
Responder 162 utilizes this received carrier to provide 
a radio frequency respense carrier having a further com- 
posite interrogator signal modulated thereon, The fur- 
ther composite interrogator sigiual is a mixture of those 
of the interrogation signals which are passed by the coding 
network of a particular responder. In other words, the 
responder is a means responsive tc a cadio frequency in- 
terrogator carrier having a plurality of audio frequency 
interrogator signals modulated thereon which is operable 
to derive a radio frequency response carrier having only. 


selected ones of said piurality of audio frequency inter--. 


rogators modulated thereon, 4 : 
Referring now to Fi€. 2a, there is-shown one illus- 


trative embosiment of a responder constructed in accord-* 


ance with, this invention. A tuned circuit 210, compzis- 
ing an inductor 211 and a capacitor 212, may. if de- 
sired. be utilized as responder pick-up coil 1235, FIG. , 
‘the impedance values ef the indugtor 211 and capacitor 


212 are seieciea that cireuti aie is resonant at the fre- 
2 ; 


= . , 
-* ’ 


op ere en parce cetnane nan nner str EAA ROTHER Tt LTE INTL 1 APTI CN LENT TEL DEN IE mh ee 


ster 143 of identiaza- | 


Pad Shah 


Fe get ee tt 9 TINEA ee em ten A tirana 


a nee net at 28 nomen ret 


*spacitor 214 so that only the 


__ junction witht rectifier 213, provides a deracdutated 


“frequency end, the limit is in 
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quency antenna may be coupled to tuned 
In this manner, tuned circult 279 or 2. 
tuned. cirenit and an antenna provides a responder pick: 
‘up means. for receiving. the “modulated interrogator 
carricr. ‘ 7 a 


A rectifier, such as diode 212, rectises the modulated 
radio frequency inf.rro earn meothing ca- 


paciter 214 provides carer fil! 


: ng action. 
It is. of couse, necessary: to seize 


ce of Cae 
i carrier is 
smoothed and so that none of ihe avdin interrogator mod- 
ulating signals are appreciably attenuated. It is, of course, 
obvious that smoothing capacitor 2h4 may be repinced 
by any of the many well Lnown filters which, in con- 
, iF 
volinge. The combination ef diede 2/3 and capacitor 214 
corresponds to ampiltude demodulater 124 of FIG. 1. 
The signal appearing across terminals A aid B, which sig- 
nal has been referred te as the resronse-actuating signal, 
is made up of'a rectified interrogator carrier component 
and the composite audio inferrcgstor signal: inclucing 
all of the audio frequencics (f/1, for + + + fo) modiufaied 
on the carrier transmitied to the responder: from tiie 
interrogator transmit. channel. The combination of 
reclifier 213 and capacitor 2:4 therefore provides a 
responder demodulation meuns responsive to the modu- 
lated interrogator carrier signal which is operative to am- 
plitudé-demodulate the carrier signa! to derive a response- 
acivating signal. 
Coupled across terminals A and B is a ceding network 


2 


220 which corresponds to coding network 127 show: in 


FiG. 1. Ceding network 220 comprises a selected: num- 


ber of tuned circuits, resonant at those of the mifrroga- 


tion signal frequencies which are to be suppressed, Each 
of the suned circuits is designated by a reference chavacter 
fs, fs. fp fs und fe to designate its res... clive: resonance 
frequency and may comprise a parallel-resencat indue- 
ance-capacitance network. Tuned circuit fy is resonant 
at the interrogator signal having the audio frequency fz. 
At rescnance this circuit presents subsianilally infinite 
impédance, which prevents interrogator signal f, from 


. appearing across coding network Guiput terminais C and 
D. Similarly, the interrogator signals f;, fs. fe and fy are 


likewise prevented by tuned circuits f5. fr. fg and fy Te- 
spectively from appearing across terminals C and 
For effective operation of the coding network, the in- 
divicual tuned circuits should have a high Q so thet none 
but predetermined interrogation signals are attenuated, 
The greater the desired number of digits in the digital 
code, the greater will be the number of cudio in- 
terrozator signals required and the smatier wil be the 
allowable frequency separation between two frequency 
adjacent signals, since the availabie audio frequency band 
is jinited: Consequently, the Q's of the tuned circuits 
fo. fs. fa fg and fo determine, at léast to some extent. the 
numer of digits which may be employed. The auto 
frequency band or vectrem availakle depends on :ne low 
S-equency end, and on the availability of a tuned circurt 
sich as cirenit fg which can be made resonant at fre- 
cueacy fz. For all practical purpes: yuens 
“0-cyeles zer second should be avoided. On the hich 
osed by corderscr 214 
which smoothes out the inter eslion carrier. For ex- 
‘amole, if the interrog.tor earrier feeavency is 129 kilo- 


“Aycles per ‘second, interro_ nor signals above approwi- 
7 ae .tely 30 kilocycles should be avoided to prey 
“oe ton thhereof. A’ typical selection cf. 10 inierrogitor 


nt recut 


“e = 


frequencies, none of which ts harmonic iliy related to (12 
athers, in kifocycles per secord is as, follows: 2.1, 2.8, 
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3:1, Bite ABy S38, Os Teds Bie OE goo) (a 
| Ceding network 229, as described’ sbeve, is thersfore — 


grea. t6 be a coding means resyonsive: to the respoase- 
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signal 


o frenuency interroga:or 
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Tesponse-actt! 
a responce oscillator 230 
pruned cireuit compris 

1 


The cote NEN. junc- 
is connccied to one side and terminal 
it of oscilla- 


2 
el tuned circut 


tor 


47 


aw 


minal C. Terminal D is coup: 
of the tra 33. The circuit hereatove described 
is a trans: on of a conventional tuned plate 
type Govi : exemplary. The coded 
ing between lerminals C 
and D, comps: nt component due to car- 
rier recuificati : those audio components 
of the original carrier which were not fiitered out by the 
tuned circuits of coding network 220. This composite 
signal js: app 
transistor osci 

‘ 


vided by oscus 


cs a dir 


a 
tat 


‘through the oscillator tank circuit (coil 231 and capaci- 
“tance 232) direct 
t 


Ivy across the transistor collector-emitter 

ansistor current flow. The current vari- 
ations in coil 231 of the tank circuit are coupled to in- 
ductor 246. which 

§ 

d 


circuit, causing t 


ch is connected via an RC network (234, 
235) to the transistor base siecirode, thereby providing 
the positive feedoack necessary to sustain osciilation, 


rigr at the resonant frequency of tank circuit 233, 232. 
Inasmuch as the eurrent flowing through resistor 234 
controls the transistor and tank circuit and already con- 
tains the audio components, the carrier generated by 
oscillator 230 will be modulated by these audio compo- 
nents. Resistor 234 serves to bias. the base electrede 
properly with respect to the emitter, and capacitor 233 
serves as an RF bypass around resistor 234. Numerous 
different osciliators may be substituted therefor, as for 
example, those shown in chapter 14 of “Handtock of 
Serticonductor Electrenics,’ Hunter, Ist edition, 1956, 
McGraw-Hill, New York. 

It has been pointed out avove that the coded response- 
actuating signal may be the sole power input signal 10 
response osciliator 239. Beeause the coded response- 
actuating signal comprises & component due to the recti- 
fied radio frequency inter-ogator catrier and another 
component due to the seleci'sely passed audio frequency 
interrogater signais, the radio frequency response carrier 


is modulated with a composite interrogator signal com-- 


prising only such selectively passed interrogator signals. 
li, in ap. icular responder, mane of the audio frequency 
jnicrrog.:ar sicnals is trapsmitied by the coding means 
und, instes’, all audio frequencies are to be suppressed 
to idestify the responder oy che digital code (090... 
099, the aceiilator 232 is still required to provide a radio 
frequency response carrier. The rectified interrogator 
Spenent nust always be sufficiently large to set 
asciilwor 230 into oscillations. Also, the degree of 
amodulation or the nodulation factor must not be so large 
as to interfere with th: powering of oscifia: r 230. 
The tuned circuit comprisizg inductor 23. and capaci: 


tor 222. may be utilized ¢ responder transmit coil 129, 
FIG, l.so that no auxiliary transmit coil is required. Of . 


course, am antenaa may be coupied to this tuned circuit 


to pravide the actual radiating clement if so desired. As”: ” 
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a2 neross terminals C and Dard 
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‘the ‘me 
231; 


> (namely 
‘tuned circuit 
_ftun ed relati 

siiltl ing $2 


transmit coll i39,.FiG. L, may be 
vely 


aving in power. For the sanie reason transmit 


coil 123 and pick-up ceils.125 and 133, FIG. ], may ke | 
‘relatively sharply iuned. OS. : 
Thee i a of oscillator 228, jac cluding the tur ei 


_ Circuit cciprising inductor 234 and. capacitor 232, pro- 
vides therefor, a responder osci GE means responsive 
‘to the cuded reponse actuating signals which is opera- 
tive to ginerate aid radiate a Tadio fre iuency response 
carrier having selectively passed interrogator 
modulued thereon, the pariicular combination of 
Togsicr signals nodulated on the response carrier t 
uniquely related to the particular responder containing 
the oscillator means, 

FIG, -20 iilustrates the digital cede ‘which ther 
of FIG. 2a would set on code register 149, FIG. 1. The 
tuned circuits fy, f3. hn fs and fy permit transmission af 
the interrogator signals having frequsncics fy. fa fas fe 
through caJling setwork 220. Therefore, sotccled inter- 
rogation signals fy, fa, fa. fe . . . provide the “ones” at 


signal! 


we 


the output leads of associated diifercace amplifers, such- 


as those shown in iS: {- ne designaied by reference 
numerals 142, 143 and 144. As previousty mentioned, 
each responde c is arate with acdifferert coding net- 
work having a different number or kird or both of audio 
tuincd resonance circuits to provide a coded response- 
actuating signal having a unique combination of audio 
frequencies. 

FIGS. 2c, 2e and 2¢ show different cmbodiments of 
coding neiworks constructed in accordance with this in- 
vention which may be substituted for coding network 
229, FIG. 2a. The terminal designation A, B, C, and D 
of FIG. 22 is retaincd to designate the connecting ter- 
minals of the various coding mans. The coding means 
shown in FIG. 2¢ utilizes tvo series-tuned inductive- 

_ capacitance circuits f; and fy resonant respectively at the 
audio Frequencies fy and fy. Tf a response-zctuating 
‘signal is impressed upon terminals A and B, the result. 
ing coded response-aciuating signal will not include 
“audio frequency interrogator signals fi and f, since at 
those frequencies the tuned circuits f, and fy are resonant 
and effectively estatlish a short circuit across the con- 
ductors 249 and 246. FIG 


3. Id eraphically illustrates the 
digital code of the coding network of FIG. 2e¢ from 


- which interrogator signals f, and f, are eliminated cr sus- 


pended. 

The coding network illustrated in FIG. 2e utilizes a 
combination comprising two parallel-tuned inductance- 
capscitance circuits f; and f; seriaily inserted between 
oo inals A and C, and two series-tuned inductance- 

capacitance circuits fy and f; shunted across terminals A 
aad BRB. The peralfel-tused circuits, resonant at the fre- 
quencies fy ard fy. wil suppress the passage of interro- 
gation sicnals having frequencies f, and fz. The series- 
tuned circuits, resonant at the frequencies f, and f5. will 
suppress interrogation signals having frequency fy and 
fs. FUG. 2f illustrates the digital code of the coding net- 
“work JMustrated in FIG: 2e. The only interrogatcz sit- 
nals appesring across terminals C and D are interrogator 
signal having frequency fz and of course those having a 
freauency higher than fs. 
’ FIG. 72 illustrates a coding network umizirg bwo 
parallel-t.ned inductance-capacitance circulis f, and fy 
respectiv-l, tuned to the frequencies f,; and f; of the in- 
1errogation signals to be transmitted and conaected in 
series across tecininals A ard B. Instead of uleing a 
tuned. circuit for eliminating a gariicujar interrogation 
sigaal: the tuned circuits in this emvodiment pass szlecied 
jnterrogation signals. All interrogator signals appearing 
between A ard B except those having frequencies f; and 
effectively short circuited across the conductors 
esneely els connecting terminals AC aad BD. FIG, 42 


iiated teen carrier) is ap dsited ce 


genus 


i — oa 


sharply to provide -high gaia’ and a re-- 


10 


en 


awe 43. 
‘ilustrates the inary code cf coding neiwork 
da FiG. 22.- 

aes has bee 


Mey 


an ogetor ia rejalive motion with a plurality of ‘re- 
Teas ders i identifies etch responder by a-digital code. ‘The 
jdenul feat tion Is accom pplone do by interrogating each re. 

sponse block at the timd of closest approach with a plu. 
~ rality of audio f-equency signals modulated upon an in- 
terrogation carrier having a single frequency. Upon 

receiving the interrog:iien carrier, any given responder 
provides-n response carrier having’a unique combination 
of the audio frequency iaterragation signals modulated 
thereon, The interrogator picks up the response carrier, 
and by sensing which audio frequencies are present on 


¥5 and which are vabsent from the response carrier, a digital 


2? 


a 
2 


representation iwentifying the respon der from which the 
résponse carrier js being received is produced. 
While the specific eareodiment disclosed above iilus- 


trates a system in which the carrier information frequen-_ 
£6 cies are amplitude-modulated by the 


audio code or digit 
_ frequencies, it will be epparent to those skilled in the art 
as a result of ibis disclosure that phases or frequency 


modulation may be substituted ir parts of the system with- | 


out dcpavting from the invention. 


23 A number of known circuits are available i in the prior 


art to provide the elements. shown in block form in the 
ers wings, and my abovementioned copending application 


Ciscloses a number of exemp!: ary circuits which may be — 


used. 
Q@ What I claint as my invention ane desire to secure by 
Leiters Patent is: 
I. A passive responder unit Weis of relative move- 
ment with respect to an interrogator apparatus and oper- 
able to provide a response signal having a coded charac- 


35 teristic, said unit coniprising in combination: first means 


for receiving a first carrier signal emitted from said inter- 
rogator apparatus, said first carricr signal having a plu- 
rality cf fixed discrete signals of different frequencies 
modulsied thereon: secon xd means coupled to said first 


40 means; and response-sigaal generating third means con- 


4 


5 


a 


CG 


63 


necied to said second means and operable to provide a 
Fecnonse carrier signal, said second means being opera- 


the to selectively climinmate or pass selected ones of said 


screte signals to said sh'rd means and operative to de- 
nodulate suid first carrier sigaal to provide ihe operating 
power for suid third means. 

2, A responder unit in accordance with the structure 
of claim 1 whercia said first means includes a parallel 
tuned inductaace- “capacitance circuit resonant at the fre- 

50 quency of said first carrier. 

3. A responder according to claim 2 in which said 
second means includes a demodulator connected to saia 
tuned cireuit for demodulating said first carrier signal to 
provide a résponse-actuating signal comprising the recti- 

5 Fd co: ponent of said first carrier sigaal modulated with 
said plurality of discrete signals. 

4. A responder unit according to claim 1 ‘vherein said 
“second means comprises a number of tuned circuits each 
of which is resonant ata different one of the Teasiencies 

0 of the said selected medulaiing signals. 

5. A respoader unit according to claim 1 wherein said 
second means comprise: a number of tuned circuits each 
of which is resonant at a different one of the frequencies 
of the non-selecited modulating signals. 

2 6. A responder unit 2ecording to claim 4 wherein said 
tuned circuits are connected in series with one another 
and wherein each of said tuned circuits comprises a par- 


di 
5 On 


aliel-tuaed inductancs-capacitance network. 
16 7. A responder wnt! accerding to claim 5 wherein said. 


tuned circuits are connected: in parallel with one an- 
other and whe.cin each of said tuned circuits comprises 
@ series-tuned inductance-capacitance network. | 


re A responder unit according to claim 5 wherein each ~ 


va Of said tuned circuits are connected in series with one 
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described a signalling “system wacheti: 


iystrated a : > 
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‘ 


another and wherein cach of said tuned circuits comprises 


“a parallel-tuned inductance-capacitance network. 


"9. A responder unit acco-ing to claim 5 wherein some 


‘of said iuned circuits are connected in seTies with one 


‘another and wherein the reraaianing of said tuned circuits 


“are connected in parallel with one another and wherein 
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-Said coded response-actuating signal for generating a scc-_ ae 
ond. radio frequency carrier having a frequency different « © - 


a 


said scries-connected tuned circuits’ comprise parallel- . 


tuned inductance-capaciiance networks and wherein said 
parallel-connected tuncd circuits comprise a series-tuned 


nductance-capacitance network, 


10. A coded responder unit comprising: a first tuned 
circuit means for receiving a first redio frequency 
carrier correspanding to its resonance frequency hav- 
ing a plurality of fixed discrete audio frequency signais 

cdulated thereon, said first tuned circuit means includ- 
ing carrier demodulation means to provide a response- 
actuating signal including audio-frequency components in 

ccordance with said audio-frequency signals; coding 
means coupled to said first tuned circuit means for sun- 
pressing selected ones of said audio-frequency signals 
from said response-actuating signal; and a second tuned 
circuit means coupled to said coding means and respon- 
sive to the response-actuating signal as modified by said 
coding means for generating a second radio frequency 
carrier having a freausacy different from that of said 
first carrier and being modulated by the non-suppressed 
audio frequency signals. . 

11. A coded responder unit comprising: a tuned cir- 
cuit means incliding a porallel-resonant inductance- 
capacitance pick-up coil for receiving.a first radio fre- 
quency carrier corresponding to the resonance-frequency 
of said pick-up coil, said first carrier having a plurality of 
audio frequency interrogatzr signals’ modulated thereon, 
said tuned circuit means providing an amplitude de- 
modulated response-actuating signal having audio fre- 
quency components in accordance with said interrogator 
signals; coding means coupled to. said circuit means for 
transmitting only sclected ones of szid audio frequency 
interrogator signals of said response ictuating signal 
and providing thereby a coded response-actuating signal; 
and oscillator means coupled to said coding means and 
sclzly powered by said coded Tesponse-actuating signal 
for generating a second radio frequency carrier having 
a frequency different from that of said first carrier and 
being modulated by the ‘interrogator signals transmitted 
by said coding means. a 

12. Apparatus according to claim 10 in which said 
first tuned citcait means includes a resonant pick-up coil 
inductance and a capacitance; in which said Tesponse- 
actuating signal also cortains a direct component; and 
in which said second tuned circuit means includes an 
oscillator means for providing said second radio frequency 
carrier, said caded respense-actuating signal being con- 
fected to suid oscillator means, whereby said second car- 
rier is modulated by the audio components of said caded 
response-actuating signal. 

13. Apparatus according to claim 19 in which solely 
said coded response-actuating signal provides power to - 
said second tuned circuit means. ; 

14. A coded responder unit coniprising: a parallel- 
resonant inductance-capacitance pick-up coil excitable 
with a first, radio frequency carrier having a frequency in 
accordance with the resonance frequency of said pick- 
up coil and béing medulated with a plurality of interro- 
gator signals; carrier demadulator means coupied across 
said pick-up coil to provide a response-actuating signal” 
having a direct vollage compcneént commensurate with 


- the magnitude of said first carrier and alternating voltage 


components conumensurate with the frequencies of said 
Plurality of said interrogator signals; coding’ means 
coupied to said demcdulation means fer transmitiing said 
‘direct voltage component and selected ones of said alter- 


10 


from that of said first carrier’ and being modulated by 
those of the interrogator signals whose frequencies are 
commensurate with s2id.selected ones of said alternating 
voltage components. oe ; 
15. A passive responder unit adapted to be excited - 
by a first.radio frequency carrier having a plurality of 
audio frequency interrogator signals modulated thereon 


_ and for generating a second radio frequency carrier hav- 


ii] 
oe 
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40 


50 
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ing only selected ozes of said plurality of audio fre- 
quency interrogator signals modulated thereon, said re- 
sponder unit comprising: a parallel-resonant inductance- 
capacitance tuned circuit having a resonance frequency 
corresponding to said first carrier; a rectifier connected 


ing capacitor connecied in parallel across the series com- 
bination of said tuned circuit and said rectifier, the ccom- 
bination of said tuned circuit, said rectifier and said ca- 
pacitor being operative to provide a response-actuating 
Signal having a rectified carrier component and audio | 
compenents corresponding to said audio frequency in- 
terrogatar signals: 2 coding means including a plurality 
ef audio frequency tuned circuits responsive to said re- 
Sponse-actuating siznal. said coding means being operative 
to suppress particuler cnes of said audio frequency inter- 
rogator signals and operative to pass others of said audio 
frequency interrozctor signals, thereby to provide a 
coded response-actuating signal having audio frequency 
components in accordance with said others of said audio 
frequency interrogator signals; and oscillator means ree 
sponsive to said coded response-actuating signal and op- 
erative to generate said second carrier, said oscillator 
means including a parallel-resonant inductauce-capaci- 
tance transmit coil, a transistor having a collector, an 
emitter and a base electrode, a parallel Tesistance-capaci- 
tance network coupled to said base electrode, an induc- 
tance inter-coupling one end of said transmit coil with 
said network, said collector electrode being connected to 
the other side of said sransmit coil, said coded response- 
actuating signal being applied to said emitter electrode 
and one end of said transmit coil. 

16. A passive responder unit adapted to be excited by 
2 first radio frequency carrier having a plurality of in- 
terrogator signals modulated thereon and for generating 
a second radio frequency carrier having only certain ones: 
of said plurality of interrogator signals modulated there- 
on. said responder unit comprising: a tuned circuit hav- 
ing a resonance frecuency corresponding to said first 
carrier; detector means coupled to said tuned circuit 
for providing a Tesponsz-actuating signal having a recti- 
fied carrier component and a plurality of alternating cur- ” 


Tent compc nents co-responding -to-said INteITORAIOE. sige 


nals; coding mears including tuned circuits “responsive” 
to said response-actuating signal for transmitting ‘onlv 
Selected ones of said plurality of interrogator signals 
therethrough and operative to suppress others of said 
interrogator signals, thereby to provide a ecded response- 
actuating signal haviag alternating current components 
in accordance with said sclected ones cf said interrogator | 
signals; and oscillator means responsive to said coded re. 
sponse actuating sign: and operative to generate -said 
second carrier, suid’ coded Tesponse-actuating signal pro- 
viding the scie power to said oscillator means. 

17. A signailing system for identifying passive coded 


' responders with an imterrogator, said signalling system 


7@ 


comprising: interrezcter transmit means for producing a 


first radio frequency carrier having « olurality of audio 


. frequency ‘Interroszier sicnals riodulated “thereon: at 


least one responder. said responder including pick-up 
means excituble by sald first carrier, the electromag. - 
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in series with said tuned circuit; a radio frequency smooth- 


ae Soe hed ‘the diience therebetween is a minimum; eessoatee 
‘demodulation means coupled to satd responder pick-up © 


. means and operative to demodulate said first carrier and 
to provide a response-actuatiog signal having a rectified 
first carrier component and audio .conrpoitents corre- 

sponding to said audio frequency interrogaior signals; 

responder coding means coupled to said responder de- 
modulation means uperative to traasmait said rectified first 
carrier component and selected ones ef seid audio com- 
ponents and thereby ta provide a@ dighally coded re- 
sponse-actuating sienal having safd rectified first carrier 
component medutated with said sclecied : audio compo- 
nents which identify said responder uniquely, 
sponder transmitting a different scfection. of audio com- 
ponents; responder oscillating meams coupled to said 
coding means for generating a secend radio frequency 
’ carrier having said selected audio camponents modulated 
“thereon, said digitaily coded respomse-actuating signal 
furnishing the sole power to said ascillating means; in- 
terrogator pick-up means excitable Sy said modulated 
. second carrier; interrogator demodulation means coupled 
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cach re- | 


to suid interrogator pick-up means and operative to de-" 


modulate’ said second carrier and to provide a second 
rectified catiier component and ardio components corre- 
sponding 10 said selected audio frequency interrogator 
signals; interrogator signal discriminating means having 
a plurality of channels coupled to said interrogator de- 
modulation means, cach one of sakd channels being se- 
lectively responsive to a different ome of said audio com- 
ponents and being operative to provide an output voltage 
‘for each of the ‘audio components modulated on said 
second carrier; and a plural stage register means re- 
“ sponsive to said output voltages, each of said chunnels 
being coupled to a different stage o€ said register to pro- 
_vide an indication of the presence or absence. cf said 
output voltages. 

18. A signalling system-in accordance with claim 17 
jacluding a data iink transmission system having a data 
link transmitter responsive to said output voltages and 
cperative to sequentially sample excn of said register 
Stages and encode a third vadio frequency carrier in ac- 
cordance with the s‘ate of said stazes, said transmission 
system also including a data link ceceiver means respon- 
sive to said third carrier and operative to decode said 
third carzier to derive aa indicatiow of the state of each 
of said stages. 

19, A railroad signalling system for sequentially iden- 
tifviog a plurality of adjacent passive coded resporders 
located upon the tracks of a railroad netwerk by means 
of an interrogator located upon @ railroad vehicle, each 
responder being identified whem said railroad vehicle 
is approximatcly at a selected miaisnum distance there- 
from, said signalling system comprising: an interrogator 
including a.transmit means for geacrating a first radio 
frequency carrier modulated with a plurality of audio 

requency interrogator sicnals, a gceceive means for re- 
ceiving and democulating a second radio frequency car- 
tier modulated with a selected combinaticn of said audio 
frequency inte-rogator signals, aw audio Frequency dis- 
criminating meaas coupled to said receive means and op- 
erative to -provide a separate output voltage for cach 
-imterrogator sigaal iscluded witha said selected com- 
bination, and a multi-stage register, cach stage being 
associated with and responsive to a different one of said 
output voltages for providing an indication of said in- 
terrogator signals included within said selected con:bina- 
tion; and a plurality of responders, exch responder in- 
cluding a pick-up means for receiving and demodulating 
said moJulated first carrier to prewite, a respansc-actu- 
ator signal having a rectified carrier cemiponent and audio 


. ¢Omponents in accordance with said plurality of interro-. 


‘gator signals, a coding means coupled to said p'ck-up 
means transmitting said rectificd carrier component and 
audio competent: enrreacnandin> ter acalected cambhinatian 
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bf: sald ‘inteeroniter signals therethrough, each responder 


including a coding means transmitting a different selecied .. 


combination of audio components, and oscillator means 
coupled to said coding means and powered by said trans- 


said second carrier, suid transmitted audio cempon rents be- 
ing operative to modulate said second carrier with sai id se- 
lecied combination of interrogator signals. 

20. A signalling system for identifying passive coded 
rosater, said system comprising: 
interrogator trarsmit means for providing a first radio 
“frequency carrier having-a plurality of audio frequency 
‘interrogator signals modulated thereon; at least one pas- 
sive iesponder responsive to said first radio frequency 


15 carrier and operative to provide, in response thereto a 


second sadis frequency carrier having only selected ones 
of said plurality of interrogator signals modulated there- 
on; interrogator pick-up means asscciated with said in- 
terrogator transmit means and excitable by said modu- 
lated ‘sccond carrier; interrogator demoduiation means 
coupled to said interrogator pick-up means and operative 
to demedula .te said second carrier and to provide a rec- 
tified carrier component and audio components corre- 
spomling to the frequencics cf srid selected interrogator 
signs!s; audio frequency discriminating and detecting 
means including a plurality of frequency sensitive chan- 
ne!s each tuncd to a different one of said interrogator 
signals, each one of said channels being sclectively re- 
sponsive to a different cnc of said audio components and 


© operative to provide an cutput voltage upon application 


of an sudio component to which it is tuned; and plural 

stage register means, each stage being sct by a different 

one of said output vellagcs to provide an indication of 
said selected interrogater signals. 

21. A signalling system for identifying passive coded 
respond vs by means of an interrogator and comprising 
inter, rozator transmit means, including automatic gain 
control micuns responsive to a control voltage for provid- 
ing an amplitude coontrotled first radio frequency carrier 
having a piurality of audio frequency intcrrogator signals 
meduiaied thereon; at Ie 
citable by said first carrier and operative to provide, in 
response thereto, a second radio frequency carrier having 

- only selected ones of said plurality of interrogator signals 
® modulated thereon, said interrogator transmit means and 
said responder being capeble of relative motion in re- 
spect to one another so as to vary the degree of electro- 
inagnetic coupling therebetween; Inicrrogator pick-up 
means for receiving said mocuizted second carrier; in- 
terrogatur demodnlation means coupled to said interro- 
gator pick-up means end operative to demodulate said 
second carrier to derive said control voltage commen- 
surate with the rectified carricr comporert of suid second 
7 carrier and audio components corresponding to said. se- 
lected interrogator signals; interrogator signal discrim- 
inating and detecting means having a plurality of fre- 
quency sensitive channels each selectively responsive to 
a different one of said. audio componenis and operative 
to provide aa output voltage upon application of an 
audio component of its individual frequency. 

22.A signa ailing syst fem in 
having a gating mean$ interposed between said interro- 
gator deiiodulaticn means and said iaterrogator signa! 
discriminating means, said gating means being respensive 
to a gale control signal and being operative to transmit 


said audio components to said. signal discriminating. 


means upon the occurence of szid gate control signal, 
and gate ccntrol signal means responsive to said rectified 
0 carrier component of said 
to provide said gate control signal when said rectified 
carrier component reaches a Predetermined magnitede, 
23. A signalling system in accordance with claim 21 
wherein said interrogator transmit theans inciudes a con- 
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mitted rectified carr! er component and operative to provide . 


ast one passive responder CX-. 


sccordance with claim 21 


second carrier and apevative |” 


.¢ may aes 


carrier component of said second carrier for comparing 


‘the magnitude of ‘said: rectified carrier companent with 


a reference voltage to deri.2 said coatrof volizge. . 

24. A signalling sysi¢ém in accordance with claim 21 
whercin said interrogator includes a miulti-stege register 
mecas, each stage of said register being associated with 
a different one of suid audio components and being re- 


sponsive to a coding voitage difference signa!, and a’ 


plurality of comparing means, each conyparing means 
being responsive to a different coding votiage for com- 
paring the magnituce of said coding voliage with a further 
reference voltage and being operative to derive said cod- 
ing voltage difference signal. : 

25. A signalling system in accordance with claim 24 
wherein each stage of said multi-stage register nieans is 
responsive to a reset puise for clearing said regisier, and 
reset pulse means responsive to said rectified carricr com- 
ponent of said second carrier and providing said reset 
pulse when said rectified carrier component suffers a pre- 


dciermined change of magnitude. 


26, An interrogator-responder sysiem comprising: in- 
terrogator trunsmit meas including autematic gain con- 
trol means responsive to an automatic gaia control differ- 
ence voltage for controlling the amplitude of electro- 
magnetic radiation in the fern of a first radio frequency 
carrier having a plurality of interrogator signals modu- 
lated thereon; a passive responder responsive to said 
first carrier and operable to provide response clectro- 
magnetic radiation in the form of a second rafio fre- 
quency carrier having only sclected ones of said plu- 
rality of interrogator signals modulated thercon, said 
interrogator transmit means and said responder being 
capable of relative movement so as to Vary the length 
and attenuation of the path of said electromagnetic radia- 
tion between said interrogator transmit means end said 


lot 


“responder; a receive means associated with said inter= °° °° 
rogater and operative to receive said response electro- - 
magnetic rédiation from ‘seid responder and to derive . 


- a rectified response carrier voltage and a composite in-’ 
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ferrogalor response signal including said selected’ infer- 
rogator signals: interrogator signal discriminator means 
having a different output terminal associated with each 
ene of said plurality of interrogator signals for unscram- 
dling said compesiie interrogator response signal, said 
discriminator means berg responsive to. said coniposite 
interrozator response signal and operative to provide re- 
sponse oviput signals on those of said output termisials 
which are associated with said selected interrogator sig- 
nals; a plurality of detector means cach responsive to a 
different one of said response output signals and ope-a- 
tive to derive response output voltages indicative of said 
selected interrogator signals received by said ,-eceive 
means; and comparing mears responsive to said rectified 
response carrier voltage for comparing said rectified re- 
sponse carrier voltage with a reference voltage and opera- 
tive ta provide said automatic gain control diffzrence 
voltage : oe 
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